Summary. Fifty-seven isolates of Candida albicans were obtained from different sites within the oral cavities of 18 dental patients without AIDS or any malignancies. Eleven of the patients had oral candidosis associated with the wearing of dentures. The genotypic relationships of the individual isolates were determined by hybridisation of a C. albicansspecific moderately repetitive sequence, 27A, to EcoRI-digested C. albicans chromosomal DNA. From the DNA profiles, the isolates could be divided into 22 distinct genetic groups. In the majority of patients, a single unique strain of C. albicans appeared to dominate in the oral cavity. Re-infection following antifungal therapy was generally due to the re-emergence of the original infecting strain. The C. albicans strains isolated from dental plates did not form a distinct genetic group. These results suggest that denture stomatitis is due to the outgrowth of commensal strains of C. albicans.
Introduction
Candida albicans is a normal commensal of the oral cavities of healthy individuals. The frequency of candida carriage in normal individuals varies from 10% to 50% depending upon the method of sampling.' In recent times there has been much interest in oral candidosis, as it is the most frequent opportunist infection in patients with AIDS.2 However, oral candidosis is a significant cause of morbidity in denture wearers, the majority of whom do not have AIDS. 3 Denture stomatitis is regarded as numerically the most common form of candida-associated disease. It is an especially severe form of chronic oral candidosis on the mucous surfaces that are covered by dental plate^.^ The ability of C. albicans to adhere to oral epithelia and plastic surfaces, including dentures, is probably a major factor in establishing colonisation and path0l0gy.~ Despite the severity and frequency of denture stomatitis, little is known about the epidemiology of the infection. Further studies are necessary to determine the origin and clonal nature of C. albicans strains associated with denture stomatitis. The relationship of these strains, and re-infecting strains, to Received 7 June 1994 ; revised version accepted 8 Nov. 1994.
* Correspondence should be sent to Dr J. R. Warmington. the commensal C. albicans isolates should also be determined. DNA-based typing assays provide a useful tool to determine the genotypic relationship of clinical C. albicans isolates. Molecular techniques have been used to type C. albicans isolates from various body sites of patients with different forms of candidosis. [5] [6] [7] [8] [9] In the present study, isolates of C. albicans were obtained from 18 patients with oral thrush. Eleven of the patients had denture-induced stomatitis ; the remaining seven patients were edentulous. Chromosomal DNA was extracted from each of the isolates and analysed by restriction endonuclease analysis (REA) and hybridisation with a C. albicans-specific intermediate repetitive DNA probe, 27A.I' The genetic relationship of the isolates was determined from the resulting DNA profiles by the use of computer constructed dendrograms. The ability of these isolates to produce germ tubes was also compared and correlations with site of isolation were determined.
Materials and methods

Organisms and growth conditions
Fifty-seven C. albicans isolates, from oral swabs of 18 dental patients without any malignancies or AIDS, were kindly provided by Dr G. Davies, University of Western Australia Dental School. Eleven of the patients (patients B, G, H, J, K, L, M, N, P, Q and R)
had denture-induced stomatitis ; the remaining seven patients (patients A, C, D, E, F, I and 0) were edentulous (table I) . In nine patients, isolates were obtained from three different sites in and around the oral cavity. In another two patients from whom three sites sampled, isolates were obtained from only two of the sites. In three patients, four sites were sampled but in two of them only three of the sites yielded isolates while in the third patient only two sites gave positive cultures. Two sites were sampled in four patients. Both sites gave positive cultures in two of the patients, but only one site each was positive in the other two patients. All of the patients were sampled 7 days after 
Induction of germ tubes
Several colonies were picked from each Sabouraud agar plate and grown in YEPD broth, with aeration, at 30°C overnight. Cells from the overnight cultures were harvested by centrifuging a 1-ml sample at 13 000 g for 30 s. The cell pellets were washed twice with 1 ml of sterile saline (NaC1 0.9% w/v) and resuspended in 1 ml of fresh saline. The cell concentration was adjusted to c. lo6 blastospores/ml.3 The diluted cells were inoculated into horse serum (Commonwealth Serum Laboratories, Australia) 10 YO v/v, prewarmed to 37"C, and incubated at 37°C for 1 h. Germ tube formation was observed by phase contrast microscopy at x 400 magnification and the numbers of cells with germ tubes/field were counted. Three separate experiments were set up and three different fields were examined in each experiment.
Restriction endonuclease analysis (REA) of C. albicans chromosomal DNA and Southern hybr idisa t ion Restriction endonuclease digestion of C. albicans chromosomal DNA was performed as outlined previously.'' Each of the agarose blocks containing C. albicans DNA was incubated at 37°C for 6 h with 1OOpl of EcoRI buffer, containing EcoRI (Toyobo, Japan) 20-50 units, nuclease-free bovine serum albumin (BSA) (Boehringer Mannheim GmbH, Germany) 0.2mg/ml, and 2 m~ spermidine. The blocks were then dialysed with excess TE (10 mM Tris, 1 mM EDTA, pH 8-0). Each agarose block was melted at Amersham) by alkali transfer.12 Briefly, the gels were soaked once in 0.25 M HCl for 8 min, rinsed in distilled water and the DNA was blotted on to nylon membranes in transfer buffer (0.4 M NaOH, 0.6 M NaCl) for 4 h. After transfer, the membranes were washed once in 50 ml of 1 M Tris-HCl for 30 min followed by two 15-min washes in 50 ml of 2 x SSC (20 x SSC is 150 mM NaCl, 15 mM sodium citrate) and oven dried at 65°C for 30 min.
A C. albicans-specific repetitive DNA segment, 27A1' was radiolabelled by the random primer technique13 and hybridised with the nylon membranes for 17 h at 65°C in 30 ml of hybridisation solution (2 x SSPE, SDS 1 YO w/v, BSA 1 YO w/v) containing 0.3 ml of sonicated salmon sperm DNA (10 mg/ml). The membranes were rinsed in 50 ml of 2 x SSC for 1 min, washed in 50 ml of 2 x SSC, SDS 0.1 YO w/v at room temperature for 15 min followed by a 10-min wash in 50 ml of 0.5 x SSC, SDS 0-1 YO w/v at 65°C with vigorous shaking and, finally, a brief rinse in 50ml of 0.5 x SSC, SDS 0.1% w/v at room temperature. The membrane-bound labelled probe was detected by autoradiography with Kodak X-OMAT AR-5 film and a DuPont Quanta I11 intensifying screen.
Results
REA and Southern hybridisation
Hybridisation of the C. albicans-specific DNA probe, 27A to Southern blots of EcoRI-digested DNA of individual isolates produced 5-1 5 bands, with both highly conserved and variant bands ( fig. 1) . Differences in the positions and intensity of the bands enabled the relationship of the different C. albicans isolates to be determined. To quantify differences between the individual banding patterns, the molecular size and intensity of each band was scored as described by Schmid et aL5 The DOLLOP program14 was used to construct a dendrogram showing the relationships of the 28 clinical isolates, by comparing the score matrix of individual profiles with each other ( fig. 2 ). On the basis of the DNA band patterns, the 57 isolates were distributed into 22 genetic groups (i-xxii) (table 11). Four of the 22 groups (iv, viii, xii and xxii) contained 12% (7 of 57), 10.5% (6 of 57), 8.8% ( 5 of 57) and 14% (8 of 57) of the isolates, respectively. The remaining 18 groups contained three or less isolates.
The majority of the C. albicans isolates obtained from different sites within the oral cavity of an individual patient had a similar genotype (table 11) . Generally, each patient was colonised by a C. albicans strain that had a unique genotype not found in any other patient. In cases where the same patient was infected by strains belonging to more than one genetic group, as in patients D, F, I and 0, at least one of the groups was unique to that patient. Patient M had three different groups, all of them unique to that patient. Patient N had four different groups, three of which were unique to this patient. Patient 0 was infected by two strains, one of which was unique to this patient. Patient F also had two strains, one of which was not found in any other patient. Furthermore, in such instances where multiple genetic groups existed within a single patient, one of the genetic groups appeared to be predominant over the other group(s). For example, strains belonging to genetic group iv were obtained from three oral sites of patient D every time the sites were sampled, whereas two strains belonging to a different unrelated group (group v) were each isolated only once during the secondary infection. The same applied to patient F, from whom group vii was represented three times at two sites, whereas group viii was represented only once. In patient M, group xvi was represented three times whereas groups xiv and xv were each represented only once; and in patent N, group xviii was represented twice and groups xvii, xix and xx were.each represented only once.
Strains of C. albicans belonging to three of the 22 genetic groups colonised more than one patient. For example, three patients (F, G and H) were infected by strains belonging to genetic group viii. All the strains from patients P, Q and R belonged to the same genetic group, xxii. Two patients (N and 0) were infected by strains from group xx; six of these eight patients sharing the same genetic groups were denture wearers.
In five of the 18 patients, C. albicans isolates were obtained from a secondary infection which occurred after antifungal therapy. The strains of C. albicans involved in secondary infections are identified with a in table 11. In patients F and K, the secondary infection was due to the same strain that caused the primary infection. In contrast, in patients M and N, the secondary infection was due to a different, unrelated strain. In patient D, two isolates each were obtained from the tongue, commissure and left tonsil, and in each case the two isolates had different colony morphologies. The pair from the tongue belonged to the same genetic group (iv) as the strain which had caused the primary infection. For both the commissure and left tonsil, one of the re-infecting strains was the same as the original strain and the re-infecting strains on the tongue, whereas the second strain belonged to a new genetic group. Two isolates were obtained from the dentures of patient M during the secondary infection and these isolates had different colony morphologies. However, these two isolates belonged to the same genetic group (xvi). Those strains involved in reinfection also did not fall into a single genetic group, but were divided among seven of the 22 genetic groups, as shown in table 11.
Colony phenotypes of the clinical isolates of C . albicans
Colony phenotypes of the isolates were determined from the primary culture plates. The predominant colony phenotype in all 57 isolates was a smooth, white (Sw) phenotype, irrespective of the site of isolation (table 11) . Only five samples contained strains that exhibited minor variant colony phenotypes and these variant colony phenotypes were observed mainly in secondary infections. Three of these variant colony phenotypes had a white colony with a rough surface and a regular edge, one had petite smooth white colonies, while the fifth had colonies that were smooth and white but much larger than characteristic C. albicans colonies. Two of the rough, regular edge colony phenotypes were from a single patient (patient D), one from the commissure and another from the left tonsil. Both of these isolates were placed in the same genetic group by DNA fingerprinting with probe 27A. These two isolates were different from the rest of the isolates from patient D. No new colony phenotypes were observed on subculture.
Germ tube formation by clinical isolates of C. albicans
The ability of the isolates to form germ tubes was investigated in horse serum in triplicate. Germ tube formation by each isolate was reproducible and ranged from 5 YO to 95 YO ( Generally, all of the isolates of a particular genotype (from each patient) produced germ tubes to the same extent. The ability to form germ tubes varied among the isolates associated with dentures; in half of the isolates, 60-95 O h of cells produced germ tubes, and in the remaining half, < 40% of cells produced germ tubes. Germ tube formation was also varied among reinfecting strains.
Discussion
In the present study, the genotypic relationships of 57 isolates of C. albicans from patients in the same geographical locale (Western Australia), were determined. The isolates were obtained from a group of patients who wore dentures and another group who did not wear dentures. The denture wearers were diagnosed as having candida-induced denture stomatitis. The DNA profiles of the isolates were obtained by hybridisation of the C. albicans-specific DNA probe, 27A, on two separate occasions-immediately after the isolates were obtained and 6 months later, after several passages on SAB plates and in YEPD broth. The 57 isolates could be divided reproducibly into 22 distinct groups based on a comparison of the their DNA profiles. Generally, the oral cavity of each of the 18 patients was colonised by a unique strain of C. albicans. This genetic diversity is similar to that observed in other studies of infecting C. albicans strains isolated from the oral cavities of non-immunocompromised individuals7 as well as HIV-infected patients. 15 The majority of the C. albicans isolates from different sites within the oral cavity of an individual patient were found to belong to the same genetic group. The dominance of single C. albicans strains within the oral cavity of immunodeficient patients has been reported. Pittet et demonstrated the persistence of C. albicans strains with the same electrophoretic karyotype over a period of 6 months. Millon et a1.l' demonstrated the persistence of the same C. albicans strain in the oral cavity of HIVinfected patients for up to a year. These findings suggest that the oral cavity of each patient provides a unique micro-environment in which a particular C. albicans strain dominates.
In three of the five patients who had a secondary infection, a new C. albicans strain was isolated from the oral cavity during the second infection. However, in three patients the re-emergence of the original infecting strain occurred in the secondary infection. In one of the five patients, the secondary infection was associated with both the re-emergence of the original strain and the appearance of a new strain. The suppression of the original colonising isolate by the antifungal therapy presumably provided an opportunity for the new strain to become established in the oral cavity after cessation of the therapy. Other studies have also shown that re-infection may be due to either relapse or strain substitution and replacement. 18 The re-emergence of the original C. albicans strain suggests that either the antifungal therapy was not completely effective or that this strain, presumably the patient's own commensal strain, was re-introduced into the oral cavity from another site within the patient. The persistence of C. albicans strains following antifungal therapy has been reported in HIV-infected patients with recurrent oral ~andid0sis.l~
The strains of C. albicans associated with dental plates did not fall into a single distinct genetic group (table 11). In nine of 11 patients with dentures, the strain associated with dentures was the same as strains elsewhere within the oral cavity of the infected patient. Only in two patients (M and N) were the strains isolated from the dentures during the primary infection different from those isolated during the secondary infection. Therefore, it is likely that the denture stomatis was due to the overgrowth of commensal strains in the oral cavities of the patients. The genetic diversity of the C. albicans strains associated with the denture stomatitis appears to rule out the existence of specific hypervirulent strains associated with the infection. Similar conclusions have been made from the analysis of C. albicans strains associated with oral candidosis in immunocompromised patients.8y l5 Germ tube formation has been suggested as an important virulence factor in C. albicans isolates associated with denture stomatitis.lg A germ tubenegative strain of C. albicans failed to induce palatal candidosis in the Wistar rat although the isolate was able to colonise oral mucosa. In the present study, all of the C. albicans isolates examined were able to form germ tubes in vitro. However, the percentage of blastospores that formed germ tubes ranged from 5 % to 95%, depending on the isolate. The percentage of germ tube formation generally correlated with the genotype of the isolate. However, there was no correlation between the extent of germ tube formation and the association of a particular strain with denture stomatitis. While the ability to form germ tubes may be an important virulence factor in denture stomatitis, the extent of germ tube formation did not correlate with infection. This suggests that other putative virulence factors of C. albicans, such as candida acid proteinase, may be more critical in denture stomatitis.
The predominant colony phenotype in all of the isolates was a smooth, white (Sw) phenotype, irrespective of the site of isolation. However, greater variation in colony phenotype was seen in the isolates from the secondary infection. The greater variation in colony phenotype of these strains compared to the original isolate may be due to the adaptation of the isolate to its new niche.
The variety of genotypes identified in this study suggests that no one particular virulent strain of C. albicans is associated with denture stomatitis. The overlap in genotypes of isolates associated with denture stomatitis with those from patients who were edentulous suggests that commensal strains were primarily responsible for the denture-associated infection. secondary infection following anti-fungal therapy is due to the re-emergence of the original
